Nickel is an essential element for normal physiological functions in plants. At higher doses (>50 mg/kg, as per WHO) it is toxic to plants and humans, which can bring about oxidative stress affecting the physiological functions of plants and is also considered carcinogenic to human beings. To manage nickel pollution in environment, proper chemical or phytoremediation techniques are required. In this regard nickel accumulator plants would offer a cost effective and environmental friendly phytoremediation method. In the present study, the nickel phyto-accumulation potential of Amaranthus viridis from soil was evaluated to check the tolerance level and the impact on selected morphological parameters like total biomass, plant height, root length and number of leaves. Nickel uptake by A. viridis was studied from Ni contaminated soil amended with20, 40, 60, 80 mg/Kg of Ni exposure under controlled conditions. Toxic effects and tolerance of the plant to toxic doses of nickel was evaluated by correlating the uptake per gram of biomass with various parameters of plant like its height, biomass, root length and, number of leaves. Supply dependent maximum nickel uptake of 108 µg/gm and corresponding decrease in growth parameters were recorded up to 60 mg/Kg exposure. This study indicates the uptake of nickel by A. viridis increases with increase in supply up to 60mg/kg and beyond 60 mg/kg, the uptake decreases. The study also shows uptake of nickel per gram of biomass has a significant negative correlation mainly with parameters like plant height (R= -0.71 at 0.05 level of significance) and total biomass (R = -0.83 at 0.05 level of significance) where as other parameters like length of root and number of leavers are not significantly affected (P>0.05) with uptake of nickel per gram of biomass.
INTRODUCTION
Solid waste generation rate is alarmingly increasing at the global level with a figure of 1.3 billion tons/year and per capita generation of 1.2 kg/day. With rapid growth of population and urbanization, this number is expected to reach 2.2 billion tons/ year by 2025 (World Bank Report 2018). As reported by Kumar et al. (2017) , approximately 133760 tons of municipal solid wastes (MSW) are being generated in India per day, with per capita value of approximately 0.17 and 0.62 kg/day in small towns and cities, respectively. The city of Bengaluru that spreads over 800 Sq.Km with close to 10 million population, generates around 5000 tonnes of MSW per day, with per capita generation of 0.5 kg/day (Navin and Sivapullaih 2016).Disposal of this waste is one of the globally important problems, related to urban developments with severe but different impacts at the local level; wastes dumps are one of them. Unscientific management of MSW in Bengaluru has resulted in proliferation of several open dump sites (Chanakya et al. 2011; Ramachandra et al., 2018) , which could lead to land pollution by heavy metals. Heavy metals are the elements that have a high density (5 g/cm). Heavy metal contamination has dire consequences and it affects agricultural yield, soil fertility and soil microorganisms. Although, traces of heavy metals are present naturally in the soil due to weathering of parental materials, they are not toxic to the environment. But due to the disturbances of the geochemical cycle of metals by man, heavy metals may accumulate in the soil beyond its defined levels causing risk to the ecosystem (Sayantan and Shardendu, 2017 (Nagendran et al. 2006) . Phytoremediation is considered as one of the best emerging technologies to remediate metal contaminated soils because of its cost effectiveness, extensive applicability and aesthetically pleasing techniques that require smaller disposal facilities (Ioana-Alinaet al., 2006). Moreover, such treatment causes less environmental disturbance and the remediated soil can be used for agricultural practices (Salt et al. 1995) . In the past, various plant species have been used (Kamran et al. 2014) to study the reclamation of contaminated soil with the help of phytoremediation technique. Using local plants for phytoremediation is more useful because these plants can grow and adapt in local physiological conditions when compared to other plants ( Kamran et al. 2014) . Among all different methods of phytoremediation, phytoextraction is the most widely used and accepted method to remediate the soil where the plant roots take up the heavy metals from the soil and translocate it to the aerial parts of the plant (McGrath et al. 2001 ). The resulted plant can be harvested and thereby, heavy metals are removed from the site. This method is more effective only in hyper accumulators that accumulate large concentration of metal/metalloids with reasonable biomass production (da Silva et al., 2018). Though there are many studies of hyper accumulator plants that can accumulate large amount of metal in its cells, no deep investigation has been carried out in plants that accumulate metals in smaller quantities and its tolerance capacity .In the present study one such plant species Amaranthus is chosen as it was found common in the open dumpsites of Bangalore There are only a few studies regarding the tolerance mechanisms to metals in the Amaranthus species as reported in the literature (Mellem et al. 2009; Zhang et al.,2010; Shevyakova et al., 2011) . Nickel, which is selected for this study, is a heavy metal used extensively in the manufacture of batteries and also a major metal component in the manufacturing of coins. Nickel is also used as additive for imparting green colour to the glass thereby making it also a coloring agent. Though it serves as a micronutrient to the plants when present in soil in minimum concentration, it makes the soil contaminated when present beyond a certain level (50 mg/kg, as per WHO),further leading to nickel toxicity in plants (Bhaleraoet al. 2015) . Nickel produced by anthropogenic sources are readily uptaken by the plants than that from naturally occurring species. The excess of Ni accumulation in plant tissues not only results in physiological stress, such as chlorosis, necrosis, decrease in water potential and transpiration, inhibition of growth etc., but also the oxidative stress ( 
MATERIALS AND METHODS

Preparation of mother culture for Amaranthus viridis:
Two to three seeds of Amaranthus viridis were sown in each coco peat filled with soil. The trays were kept at a suitable place in the green house where it was exposed to 70-80% of sunlight. The trays were watered daily. After 3-4 days the seeds germinated into small plantlets. Preparation of metal solution and contaminated soil: Nickel solutions (20mg/ml) was prepared by dissolving 5.27 g of nickel sulphate in distilled water and made up to 100ml. The uncontaminated soil was broken into small pieces and sieved to get a fine texture of the soil without any lump and stones. 4ml/8ml/12ml/16ml of the Nickel solution (20mg/ml) were mixed with 4 kg of soil to make the soil with the concentrations of 20mg/ Kg /40mg/Kg /60mg/Kg /80mg/Kg Nickel respectively. Experimental set up: The metal solution was allowed to settle in each pot for a day. Then 11 days old plant seedlings were taken from the mother culture and planted in the pots with 4 plants in each pot. The plants were watered with Hoagland solution at an interval of every 3-4 days and the morphological characteristics such as height of the plant and number of leaves were recorded at frequent intervals of 15 days to confirm the growth of the plant. Plant sampling: Amaranthus viridis was harvested from each pot after two months of metal exposure. Roots were initially washed under gently running tap water to remove loosely adhered sand particles followed by rinsing with 3% HCl (3ml HCl in 100ml of Distilled water) for leaching out of minerals adsorbed on the surface of roots. The shoots and acid rinsed roots were washed at least three times with distilled water (Sayantan and Shardendu 2013). The plant growth parameters were recorded such as plant height (in cm), root length (in cm) and number of leaves per plant. After harvesting, samples of leaves, stem and roots were oven dried at 100°C for three to four days and dry weights were measured everyday till the achievement of constant weight. For analysis of nickel content in plant parts, dried root, dried leaf and dried stem samples were grinded using mortar and pestle. Dry weight (DW) biomass (in g) of each plant was determined using electronic balance. As per Walinga et al. 1995 , the ground and weighed samples were transferred into different conical flasks. 5ml of concentrated HNO 3 and few ml of H 2 O 2 were added and evaporated to incipient dryness. When it was completely dried, the residue was dissolved in 10ml of 3% HNO 3. Concentration of Ni in the solution prepared from plant residues was determined by inductively coupled plasma atomic emission spectrometry (ICP-AES; JY HROOBA 2000 France). Wavelength selected for analysis was 221.647nm. Statistical analysis: All statistical analyses were performed using Microsoft Excel Office Version 13. Student T test was carried out to analyse the significance in variation of mean response of control and treatments.
RESULTS
The metal accumulation potential of Amaranthus viridis from the soil amended with nickel concentration of 20, 40, 60 and a maximum of 80 mg/ Kgwas studied in relation to the plant biomass, plant height, root length and number of leaves. Concentration of 20, 40, 60 and a maximum of 80 mg/Kg nickel was selected based on survival ofAmaranthus viridisin different concentrations from our preliminary experiments. Effect of nickel supply on uptake: Dose dependent increase in nickel uptake was observed in Amaranthus viridis plants grown in soil supplied with nickel up to 60 mg/Kg of nickel but slightly reduced at the supply of 80 mg/Kg (Fig.  1) .Nickel uptake at 16±1.14µg/g, was observed in the plant grown in control and maximum accumulation of 108±1.41µg/g was observed in the plant grown at supply of 60 mg/Kg nickel. Nickel uptake as compared with control soil was statistically highly significant at soil amended with 60 and 80 mg/Kg (P<0.001) while at less than 60 mg/Kg amendment, nickel uptake was significant at 1% (P<0.01). At highest nickel supply of 80ppm, nickel accumulation capacity of Amaranthus viridis was reduced to 97±1.41µg/g. 
Fig. 2. Nickel supply as a function of Biomass in Amaranthusviridis. (*), (**), (***) indicates the mean difference of biomass of nickel treated soil is signifi-
cant when compared to control soil at P < 0.05, P < 0.01 and P < 0.001 respectively in a dose dependent manner; but at the highest nickel supply of 80 mg/Kg there was a marginal increase in biomass as compared with nickel supply of 60mg/Kg. (Fig.2) . Biomass, as assessed by the dry weight, of 1.705g was observed in the plant grown in control and decreased maximum at supply of 60 mg/Kg nickel with a biomass of 0.09g. Compared to 60mg/Kg nickel supply, at 80mg/Kg proportionate decrease in nickel uptake per gram biomass was observed (1114.09±47.07 µg/g versus 788.31±145 µg/ g; Fig.6 ) which led to lesser toxic effects on the plant thereby enhancement of total biomass. Biomass as compared with control soil was statistically highly significant at nickel amendment of soil at 60 and 80 mg/Kg (P<0.001), while at lower (20 and 40mg/Kg) amendment biomass was significant at 5% (P<0.05).Total biomass of the plant showed significant negative correlation with nickel uptake per gram of biomass (R=-0.83, P<0.01; Fig. 3 ).
Effect of nickel supply on plant height:
Amaranthus viridis height showed an inverse relationship with nickel supply. Compared to 54.5±6.3cm observed in plant grown in control soil dose dependent decrease in plant height up to 12.5.5±3.5cm was observed in soil amended with 80mg/Kg nickel (Fig. 4) .Plant height as compared with control soil was significant at nickel amendment of soil at 40mg/Kg and above at 5% (P<0.05) while not significant at less than 40mg/ Kg amendment. Plant height negatively correlated with Nickel uptake per gram of biomass (R=-0.71, P<0.05; Fig. 5 ). Effect of nickel supply on root length: Root length of Amaranthus viridis decreased with nickel supply up to 40mg/Kg exposure (Fig.6 ). In control plants root length of 12.5±2.12cm was recorded and at 40mg/Kg nickel exposure drastic reduction in root length at 4.5±3.5cm was recorded. Root length as compared with control soil was statistically significant at 5% (P<0.05) in nickel amendment of soil at 40 and 80 mg/Kg (P<0.05) while at less than 20 and 60mg/Kg amendment was not significant. Nickel exposure at 60mg/Kg caused the root length to increase to 11.5±0.07cm, however with further increase in nickel at 80ppm stunted the root length to 6cm. No correlation of root length with either nickel uptake or nickel uptake per gram of biomass was observed (Fig, 7) .
Effect of nickel supply on number of leaves:
Nickel exposure decreased the number of leaves in Amaranthus viridis in a dose dependent manner up to 60mg/Kg (Fig.8) . Plants grown in control soil showed 13 leaves per plant, which decreased maximum to7.5±2.12 leaves per plant in soil amended with 60 mg/Kg nickel. At highest nickel supply of 80mg/Kg there was as marginal increase in number of leaves per plant at 9.5±2.12 as compared with treatment of 60mg/Kg nickel. However, the variation in number of leaves observed in different treatment were not statistically significant. Number of leaves correlated negatively with nickel uptake (R=-0.59, Fig. 9 ) but was not significant.
DISCUSSION
The effect of toxic doses of nickel on the tolerance of A. viridis was studied by comparing Ni uptake per gram biomass with the various plant parameters like height, biomass, root length and number of leaves. The toxic dosages of Ni included 20 mg/ Kg, 40 mg/Kg, 60 mg/Kg and 80 mg/Kg. Nickel uptake in in the plant as compared with control soil increased with increase in concentration up to 60 mg/kg with a marginal reduction of uptake in the highest nickel supply 80 mg/Kg.Nickel supply at 60mg/Kg increased the uptake of nickel by 2 to >5-fold increase compared to lower amendment or control soil. With further increase in nickel supply there was decrease in its uptake, indicating the threshold concentration for the plant to withstand the toxicity of Nickel. Fabrizio and coworkers (2013) have observed Nickel tolerance up to 50µM levels of NiCl 2 without affecting the physiological functions in A.paniculatus cultivated in hydroponics culture. This finding indicates the variation in different species of Amaranthus in their ability to withstand nickel toxicity and uptake nickel. Further analysis of physiological parameters should provide more valuable information about the underlying mechanism of tolerance to Nickel toxicity and uptake. Total biomass of the plant showed significant negative correlation (R=-0.83, P<0.01) with nickel uptake per gram of biomass, further confirming its toxic effect, although being a nutrient element.Plant species are known to tolerate up to 10 mg/Kg of nickel and elevated nickel concentration alters the plant physiology due to oxidative stress, inhibition of photosynthesis, alteration in the mineral uptake leading to growth inhibition (Nieminen et al. 2007 ). In the present study progressive reduction in biomass was recorded in A.viridis at more than 10 mg/Kg exposure. Similarly, Valentina et al. (2013) reported dose dependent decrease in stem, root and leaf biomass in Amaranthus species with nickel exposure up to 150µM grown in hydroponics culture. With regard to plant height though there was negative correlation with nickel uptake per gram of biomass in all levels of stress (R=-0.707, P<0.05) it was not significant in less than 40mg/kg treatment plants. Valentina et al. (2013) reported heavy metal exposure dependent varia- 18 .58 µg/g nickel uptake in root in 10 weeks of growth. In the present study, A. highest Nickel uptake of 108±1.44 µg/g at 60mg/Kg nickel supply with a negative correlation between all parameters studied and increase in uptake of nickel. This can be attributed to the activities of antioxidant enzymes which decreases with increase in concentration of the metal.As a result, plant failed to cope up with metal stress and increases the oxidative stress (Tauqeer et al. 2016 ).
Conclusion
It is a very well-known fact that the heavy metals (like Ni) pose toxicity to the biological organisms at the morphological as well as physiological levels. The present study also reported the similar thought. The increase in the dosage of nickel supplies resulted in the increase in nickel uptake (up to 108 µg/g dry weight biomass) by A. viridis, thus subsequently decreasing the biomass (up to 0.09 g) of the plant along with decrease in plant height (up to 12.5 cm), root length (up to 4.5 cm) as well as decrement in the number of leaves (up to 7.5). Hence, in conclusion to this study, it can be suggested that various plant parameters can serve as markers to assess the heavy metal remediation behaviour of plants.
